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(57) ABSTRACT

Disclosed are a flexible liquid crystal display (LCD) device
and a method of manufacturing the same. The flexible LCD
device comprises a first flexible substrate and a second flex-
ible substrate. A layer is disposed on the first flexible substrate
and first pixel control lines are disposed on the second flexible
substrate. The LCD device also includes polymer walls dis-
posed between the first flexible substrate and the second
flexible substrate that maintain a cell gap between the first
flexible substrate and the second flexible substrate. The poly-
mer walls are substantially aligned with the first pixel control
lines and light transparent gaps in the layer disposed on the
first flexible substrate.

13 Claims, 15 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the Korean Patent
Application No. 10-2012-0117161 filed on Oct. 22, 2012,
which is hereby incorporated by reference in its entirety.

BACKGROUND

1. Field of the Disclosure

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to a LCD device includ-
ing a polymer wall for maintaining a cell gap.

2. Discussion of the Related Art

Owing to advantages such as good portability and low
power consumption by low operating voltage, a liquid crystal
display (LCD) device is widely used in various fields of
notebook computer, monitor, spacecraft, aircraft, and etc.

The LCD device includes a lower substrate, an upper sub-
strate, and a liquid crystal layer formed between the lower and
upper substrates.

Recently, there is an increasing interest in flexible LCD
device based on a flexible plastic substrate. The flexible LCD
device is a rollable or windable device, which is paperlike,
whereby the flexible LCD device enables easy keeping and
good portability. Owing to these advantages, the flexible dis-
play device has been steadily studied and developed as a
next-generation display device.

However, when curving or bending the flexible LCD
device, it may have a problem related with non-uniformity in
cell gap between the lower and upper substrates. In order to
overcome this problem of non-uniformity in cell gap, there
has been proposed a method of applying a polymer wall
between the lower and upper substrates.

Hereinafter, a related art LCD device including a polymer
wall will be described as follows.

FIG. 1A is a perspective view of a related art LCD device.
FIG. 1B is a cross sectional view of the related art LCD
device.

As shown in FIG. 1A, the related art LCD device includes
alower substrate 10, an upper substrate 20, polymer walls 30,
and a liquid crystal 40.

The lower substrate 10 is arranged below the upper sub-
strate 20, and the polymer walls 30 are formed in a matrix
configuration between the lower substrate 10 and upper sub-
strate 20. Also, the liquid crystal 40 is provided in a space
between each of the polymer walls 30. Thus, even though the
related art LCD device is repeatedly curved or bent, a cell gap
between the lower substrate 10 and upper substrate 20 is
uniformly maintained owing to the polymer walls 30.

The related art LCD device may be manufactured by pro-
cesses of bonding the lower substrate 10 and upper substrate
20 to each other while providing a mixture of ultraviolet
(UV)-curable compound and liquid crystal 40, and forming
the polymer wall 30 having a desired shape by irradiating the
UV-curable compound with UV light. According to the irra-
diation of UV light, the UV-curable compound is cured with
a phase separation from the liquid crystal 40. Also, the liquid
crystal 40 is positioned between each of the polymer walls 30.
The polymer wall 30 will be described in detail with reference
to FIG. 1B.

As shown in FIG. 1B, lines 12 are formed on the lower
substrate 10 of the related art LCD device, and a passivation
layer 14 is formed on the lines 12. On the upper substrate 20
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of'the related art LCD device, there are light-shielding layers
22, a color filter layer 24 between each of the light-shielding
layers 22, and an overcoat layer 26 on the color filter layer 24.
Also, the polymer walls 30 are formed between the lower
substrate 10 and upper substrate 20, and the liquid crystal 40
is provided in the space between each of the polymer walls 30.

As described above, the polymer wall 30 is formed by
irradiating the UV-curable compound with UV light. Thus, in
order to form the polymer wall 30, the lower surface of the
lower substrate 10 or the upper surface of the upper substrate
20 has to be irradiated with UV light.

However, the light-shielding layer 22 and color filter layer
24 formed on the upper substrate 20 have a low transmittance
of UV light. Thus, if the upper surface of the upper substrate
20 is irradiated with UV light, it is difficult to form the
polymer wall 30. Meanwhile, in case of a COT (color filter on
TFT) structure in which the color filter is formed on the lower
substrate 10, the polymer wall 30 may be formed by irradiat-
ing the upper surface of the upper substrate 20 with UV light.
In this case, the structure of the LCD device is limited only to
the COT structure.

For manufacturing various structures of a LCD device, the
polymer wall 30 has to be formed by a UV irradiation onto the
lower surface of the lower substrate 10. That is, as shown in
the drawings, a mask 50 including a transparent portion 50a
and a non-transparent portion 505 is positioned below the
lower substrate 10, and then a UV irradiation is performed in
such a manner that UV light is emitted from the lower side of
the mask 50 to the lower surface of the lower substrate 10.
Accordingly, the UV-curable compound is irradiated with
UV light penetrating through the transparent portion 50a,
thereby forming the polymer wall 30. In this case, the poly-
mer wall 30 is formed in the same pattern as that of the
transparent portion 50a of the mask 50.

Inthis case, the lines 12, such as gate lines or data lines, are
formed on the lower substrate 10, and the UV light cannot
penetrate through the lines 12. Accordingly, the transmission
part 50a of the mask 50 is positioned to correspond with the
other regions exceptthe lines 12. As a result, the polymer wall
30 is formed in the other regions except the lines 12, that is,
they are formed in a pixel region for displaying an image.
Because the polymer wall 30 is formed in the pixel region for
displaying an image, light transmittance of the LCD device is
lowered, and thus luminance is also deteriorated.

SUMMARY

Accordingly, embodiments of the present invention are
directed to an LCD device and a method of manufacturing the
same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

An aspect of embodiments of the present invention is
directed to provide an LCD device and a method of manufac-
turing the same, which enables to manufacture various struc-
tures of LCD device owing to a polymer wall formed by a UV
irradiation onto an upper surface of an upper substrate, and
also prevents luminance deterioration owing to the polymer
wall formed in a region corresponding to a gate line or data
line.

Additional advantages and features of embodiments of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of embodiments of the inven-
tion. The objectives and other advantages of embodiments of
the invention may be realized and attained by the structure
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particularly pointed out in the written description and claims
hereof as well as the appended drawings.

In one embodiment, disclosed is a flexible liquid crystal
display (LCD) device comprising a first flexible substrate and
a second flexible substrate. A layer is disposed on the first
flexible substrate and first pixel control lines are disposed on
the second flexible substrate. The LCD device also includes
polymer walls disposed between the first flexible substrate
and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flexible
substrate. The polymer walls are substantially aligned with
the first pixel control lines and light transparent gaps in the
layer disposed on the first flexible substrate.

In one embodiment, the layer disposed on the first flexible
substrate is a color filter layer and the light transparent gaps
are gaps in the color filter layer. Alternatively, the layer dis-
posed on the first flexible substrate is a light shielding layer
and the light transparent gaps are gaps in the light shielding
layer. In one embodiment, the light transparent gaps are trans-
parent to ultraviolet (UV) light.

In one embodiment, the first pixel control lines are gate
lines and the polymer walls are substantially aligned with the
gate lines. Alternatively, the first pixel control lines are data
lines and the polymer walls are substantially aligned with the
data lines. In one embodiment, second pixel control lines are
disposed on the second flexible substrate that cross the first
pixel control lines, and the polymer walls are also substan-
tially aligned with the second pixel control lines.

In one embodiment, the polymer walls are shaped as
straight lines that are continuous across at least one of pixel
columns or pixel rows. Alternatively, the polymer walls are
shaped as straight lines that are discontinuous across at least
one of pixel columns or pixel rows.

In one embodiment, a liquid crystal material is located
between the polymer walls.

In one embodiment, a column spacer overlaps with the
light transparent gaps and is disposed between the first flex-
ible substrate and second flexible substrate. The column
spacer may also be surrounded by the polymer walls.

In one embodiment, disclosed is a method of manufactur-
ing a flexible LCD device. A first flexible substrate is pre-
pared, wherein a layer is disposed on the first flexible sub-
strate. A second flexible substrate is prepared, wherein first
pixel control lines are disposed on the second flexible sub-
strate. Polymer walls are formed between the first flexible
substrate and the second flexible substrate that maintain a cell
gap between the first flexible substrate and the second flexible
substrate. The polymer walls are substantially aligned with
the first pixel control lines and light transparent gaps in the
layer disposed on the first flexible substrate.

In one embodiment of the method, a mixture of a light-
curable compound and liquid crystal is provided between the
first flexible substrate and the second flexible substrate. The
polymer walls are then formed by exposing the mixture to
light via the light transparent gaps in the layer disposed on the
first flexible substrate.

In one embodiment of the method, the polymer walls are
formed by exposing the mixture to ultraviolet (UV) light via
the light transparent gaps in the layer disposed on the first
flexible substrate. In one embodiment of the method, the
polymer walls are formed by providing a mask having a mask
pattern that matches the light transparent gaps; and exposing
the mixture to light via the mask pattern of the mask and the
light transparent gaps in the layer disposed on the first flexible
substrate.

In one embodiment of the method, second pixel control
lines are disposed on the second flexible substrate that cross
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the first pixel control lines, and the polymer walls are formed
to be substantially aligned with the second pixel control lines.

In one embodiment, preparing the first flexible substrate
comprises forming a column spacer disposed on the first
flexible substrate that overlaps with the light transparent gaps
in the first flexible substrate. Additionally, the polymer walls
are formed to surround the column spacer.

It is to be understood that both the foregoing general
description and the following detailed description of embodi-
ments ofthe present invention are exemplary and explanatory
and are intended to provide further explanation of the inven-
tion as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1A is a perspective view schematically illustrating a
related art LCD device, and FIG. 1B is a cross sectional view
schematically illustrating the related art LCD device;

FIG.2A is a plane view illustrating an upper substrate of an
LCD device according to the first embodiment of the present
invention, FIG. 2B is a plane view illustrating a lower sub-
strate of the LCD device according to the first embodiment of
the present invention, FIG. 2C is a plane view illustrating a
polymer wall in the LCD device according to the first embodi-
ment of the present invention, and FIG. 2D is a cross sectional
view of the LCD device according to the first embodiment of
the present invention;

FIG.3Aisaplane view illustrating an upper substrate of an
LCD device according to the second embodiment of the
present invention, and FIG. 3B is a plane view illustrating a
polymer wall in the LCD device according to the second
embodiment of the present invention;

FIG. 4A is a plane view illustrating an upper substrate of an
LCD device according to the third embodiment of the present
invention, and FIG. 4B is a plane view illustrating a polymer
wall in the LCD device according to the third embodiment of
the present invention;

FIG.5A is aplane view illustrating an upper substrate of an
LCD device according to the fourth embodiment of the
present invention, and FIG. 5B is a plane view illustrating a
polymer wall in the LCD device according to the fourth
embodiment of the present invention;

FIG. 6 A is a plane view illustrating an upper substrate of an
LCD device according to the fitth embodiment of the present
invention, FIG. 6B is a plane view illustrating a lower sub-
strate of the LCD device according to the fifth embodiment of
the present invention, FIG. 6C is a plane view illustrating a
polymer wall in the LCD device according to the fifth
embodiment of the present invention, and FIG. 6D is a cross
sectional view of the LCD device according to the fifth
embodiment of the present invention;

FIG.7A is aplane view illustrating an upper substrate of an
LCD device according to the sixth embodiment of the present
invention, and FIG. 7B is a plane view illustrating a polymer
wall in the LCD device according to the sixth embodiment of
the present invention;

FIG. 8A is a plane view illustrating an upper substrate of an
LCD device according to the seventh embodiment of the
present invention, and FIG. 8B is a plane view illustrating a
polymer wall in the LCD device according to the seventh
embodiment of the present invention;
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FIG.9A is aplane view illustrating an upper substrate of an
LCD device according to the eighth embodiment of the
present invention, and FIG. 9B is a plane view illustrating a
polymer wall in the LCD device according to the eighth
embodiment of the present invention; and

FIG. 10A is a plane view illustrating an upper substrate of
an LCD device according to the ninth embodiment of the
present invention, and FIG. 10B is a plane view illustrating a
polymer wall in the LCD device according to the ninth
embodiment of the present invention.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIG.2A is aplane view illustrating an upper substrate of an
LCD device according to the first embodiment of the present
invention, FIG. 2B is a plane view illustrating a lower sub-
strate of the LCD device according to the first embodiment of
the present invention, FIG. 2C is a plane view illustrating a
polymer wall in the LCD device according to the first embodi-
ment of the present invention, and FIG. 2D is a cross sectional
view of the LCD device according to the first embodiment of
the present invention.

As shown in FIG. 2A, on an upper substrate 100 of an LCD
device according to the first embodiment of the present inven-
tion, there are a light-shielding layer 110, and a color filter
layer 120 interspersed within the light-shielding layer 110.

The light-shielding layer 110 prevents light from leaking in
other regions except a pixel region for displaying an image.
The light-shielding layer 110 may include a first light-shield-
ing pattern 112, a second light-shielding pattern 114, and a
third light-shielding pattern 116.

The first light-shielding pattern 112 is formed in the cir-
cumference of the upper substrate 100. That is, the first light-
shielding pattern 112 is formed at the four sides of the upper
substrate 100, on which an image is not displayed.

The second light-shielding pattern 114 and third light-
shielding pattern 116 are formed inside the first light-shield-
ing pattern 112. That is, the second light-shielding pattern 114
and third light-shielding pattern 116 are formed in the center
of the upper substrate 100, on which an image is displayed.

The second light-shielding pattern 114 is formed in a first
direction, for example, a horizontal direction which is the
same direction as that of a gate line on a lower substrate of the
LCD device. The third light-shielding pattern 116 is formed
in a second direction which is different from the first direc-
tion, for example, a vertical direction which is the same
direction as that of a data line on the lower substrate of the
LCD device.

Inside the second light-shielding pattern 114, there is a
light transparent part 114qa that is transparent to UV light.
Also, a light transparent part 116a is provided inside the third
light-shielding pattern 116. UV light penetrates through the
light transparent part 116a. Light transparent part 114a and
light transparent part 1164 are gaps in the light shielding layer
110 and/or color filter layer 120. When considered together or
alone, light transparent part 114a and light transparent part
116a form a light transparent pattern that is transparent to UV
light.

Accordingly, when the upper surface of the upper substrate
100 is irradiated with UV light, the UV light may not pen-
etrate through the regions corresponding to the light-shield-
ing layer 110 and color filter layer 120, but the UV light may
easily penetrate through the light transparent parts 114a and
116a. As a result, a polymer wall to be described may be

10

25

40

45

55

6

formed in a pattern that corresponds to and matches the pat-
tern of light transparent parts 1144 and 116a.

As shown in FIG. 2B, the gate lines 210 and data lines 220
crossing each other are formed on the lower substrate 200 of
the LCD device, to thereby define a plurality of pixels. Gate
lines and data lines carry pixel control signals for controlling
the operation of the pixels. As used herein, the term pixel
control lines may be used to refer to either the gate lines 210
or the data lines 220.

The gate lines 210 are parallel to each other and formed in
the first direction, for example, the horizontal direction which
is the same direction as that of the aforementioned second
light-shielding pattern 114. The data lines 220 are parallel to
each other and formed in the second direction which is dif-
ferent from the first direction, for example, the vertical direc-
tion which is the same direction as that of the aforementioned
third light-shielding pattern 116.

At crossing regions of the gate lines 210 and data lines 220,
there are thin film transistors T which function as switching
elements. The thin film transistors T are electrically con-
nected to their respective pixel electrodes 230.

In one embodiment, the detailed structure of the upper
substrate 100 and lower substrate 200 may be different
depending on a driving mode of the LCD device, for example,
Twisted Nematic (TN) mode, Vertical Alignment (VA) mode,
In-Plane Switching (IPS) mode, Fringe Field Switching
(FFS) mode, and etc.

As shown in FIG. 2C, the polymer wall 300 of the LCD
device according to the first embodiment of the present inven-
tion may include a first wall pattern 310, and a second wall
pattern 320.

The polymer wall 300 is formed in the pattern which cor-
responds to the light transparent parts 114a and 116a
included in the aforementioned second light-shielding pat-
tern 114 and third light-shielding pattern 116. That is, the first
wall pattern 310 is arranged in the first direction, that is, the
direction which is the same direction as that of the light
transparent part 114a included in the second light-shielding
pattern 114. First wall pattern 310, gate lines 210, and light
transparent part 114q are all substantially aligned with each
other. The second wall pattern 320 is arranged in the second
direction, that is, the direction which is the same as that of the
light transparent part 1164 included in the third light-shield-
ing pattern 116. Second wall pattern 320, data lines 220, and
light transparent part 116a are all substantially aligned with
each other.

Hereinafter, a cross sectional structure of the LCD device
according to the first embodiment of the present invention and
a method of manufacturing the same will be described with
reference to FIG. 2D.

As shown in FIG. 2D, the third light-shielding pattern 116
including the light transparent part 116a therein is formed on
the upper substrate 100, and the color filter layer 120 is
formed in the gaps between each of the third light-shielding
patterns 116. The upper substrate 100 may be formed of
flexible plastic.

The color filter layer 120 may overlap with the third light-
shielding pattern 116, but the color filter layer 120 is not
overlapped with the light transparent part 116q. If the color
filter layer 120 extends to the light transparent part 1164, it is
difficult to obtain a desired pattern of the polymer wall 300.
For this reason, the color filter layer 120 is not overlapped
with the light transparent part 116a.

An overcoat layer 130 may be formed on the color filter
layer 120. If the LCD device is a TN mode or VA mode, a
common electrode may be formed instead of the overcoat
layer 130.
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As shown in an expanded part of FIG. 2D, a column spacer
140 is formed on the overcoat layer 130. The column spacer
140 is provided to maintain an initial cell gap before forming
the polymer wall 300. The column spacer 140 is bonded to the
upper substrate 100, but is not bonded to the lower substrate
200.

The column spacer 140 may be formed in a non-display
area, for example, an area for the gate line or data line. That is,
the column spacer 140 may overlap with the light transparent
part 116a. Accordingly, if a width of the column spacer 140 is
smaller than the light transparent part 1164, as shown in an
upper expanded part of FIG. 2D, the column spacer 140 may
be surrounded by the polymer wall 300. However, if a width
of the column spacer 140 is larger than the light transparent
part, as shown in a lower expanded part of FIG. 2D, the
column spacer 140 is not surrounded by the polymer wall
300.

Meanwhile, the column spacer 140 may be formed in a
region which does not correspond to the gate line or data line,
for example, the column spacer 140 may be formed in a
region of forming the thin film transistor.

As shown in the following description about the embodi-
ments of the present invention, the light transparent part may
not be formed in the region which corresponds to some parts
of'the gate line or data line. In this case, the column spacer 140
may be formed in the gate line or data line which corresponds
to the region where the light transparent part is not formed.

A gate insulating film 215 is formed on the lower substrate
200, and the data line 220 is formed on the gate insulating film
215. The lower substrate 200 may be formed of flexible
plastic. Also, a passivation film 225 is formed on the data line
220, and a pixel electrode 230 is formed on the passivation
film 225. If the LCD device is an IPS mode, the pixel elec-
trode 230 may be formed in a finger structure, and a common
electrode may be additionally provided in parallel to the pixel
electrode 230.

The polymer wall 300 for maintaining the cell gap is
formed between the upper substrate 100 and lower substrate
200, and liquid crystal 400 is provided between each of the
polymer walls 300.

The polymer wall 300 overlaps and is aligned with the light
transparent part 1164 included in the third light-shielding
pattern 116 on the upper substrate 100. Also, the polymer wall
300 overlaps and is aligned with the data line 220 on the lower
substrate 200. Since the polymer wall 300 overlaps and is
aligned with the data line 220, light transmittance of the LCD
device is not lowered by the polymer wall 300.

A method of manufacturing the LCD device according to
the first embodiment of the present invention will be
described in detail as follows.

First, the aforementioned upper substrate 100 and lower
substrate 200 are prepared.

Then, while a mixture of UV-curable compound and liquid
crystal 400 is provided to a space between the upper substrate
100 and lower substrate 200, the upper substrate 100 and
lower substrate 200 are bonded to each other. The mixture
may include additional photo-initiator. The UV-curable com-
pound and photo-initiator may be formed of various materials
generally known to those in the art.

A bonding process of the upper substrate 100 and lower
substrate 200 may be carried out by a vacuum injection
method or liquid crystal dispensing method. In case of the
vacuum injection method, after the upper substrate 100 and
lower substrate 200 are attached to each other by the use of
sealant having an inlet, the mixture of UV-curable compound
and liquid crystal 400 is injected through the inlet under the
vacuum state. In case of the liquid crystal dispensing method,
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after the mixture of UV-curable compound and liquid crystal
400 is dispensed on any one of the upper substrate 100 and
lower substrate 200, the upper substrate 100 and lower sub-
strate 200 are attached to each other by the use of sealant
without an inlet.

Then, the UV-curable compound is cured by a UV irradia-
tion onto the upper surface of the upper substrate 100. That is,
when UV light is irradiated onto the upper surface of the
upper substrate 100 without using an additional mask, UV
light is incident on the UV-curable compound through the
light transparent parts 114a and 1164 included in the light-
shielding layer 110. Thus, the UV-curable compound is cured
with a phase separation from the liquid crystal 400, whereby
the polymer wall 300 is formed, and the liquid crystal 400 is
formed between each of the polymer walls 300.

Even though the light transmittance is lowered, there is a
possibility that UV light may penetrate through the color filter
layer 120. In this case, a desired shape of the polymer wall 300
may not be obtained. In one embodiment, an additional mask
is positioned above the upper substrate 100 for controlling the
irradiation of UV light onto the upper surface of the upper
substrate 100. In this case, the additional mask may be pro-
vided with a transparent mask pattern whose pattern is the
same as and matches that of the light transparent part 114a
and 116aq.

As described above, the present invention is advantageous
in that it can be applied to various types of LCD device owing
to the UV irradiation onto the upper surface of the upper
substrate 100. Especially, because the light-shielding layer
110 and color filter layer 120 are used as a mask, the UV
irradiation is carried out without an additional mask, whereby
it is possible to reduce a cost and to simplify a manufacturing
process.

Second, third, and fourth embodiments of a LCD device
will now be described herein by reference to FIGS. 3A, 3B,
4A, 4B, 5A and 5B. The second, third and fourth embodi-
ments are similar to the first embodiment of FIG. 2A through
2D, except that the light-shielding layer 110 and polymer wall
300 now have a different pattern than that of the first embodi-
ment.

FIG.3Aisaplane view illustrating an upper substrate of an
LCD device according to the second embodiment of the
present invention. FIG. 3B is a plane view illustrating a poly-
mer wall in the LCD device according to the second embodi-
ment of the present invention.

According to the second embodiment of the present inven-
tion, as shown in FIG. 3A, a light-shielding layer 110 is
formed on an upper substrate 100, and a color filter layer 120
is formed in the gaps of the light-shielding layers 110.

The light-shielding layer 110 may include a first light-
shielding pattern 112, a second light-shielding pattern 114,
and a third light-shielding pattern 116.

The second light-shielding pattern 114 is not provided with
a light transparent part, and the third light-shielding pattern
116 is provided with a light transparent part 116a. Thus, when
the upper surface of the upper substrate 100 is irradiated with
UV light, UV light penetrates through the light transparent
part 1164 included in the third light-shielding pattern 116.

Eventually, as shown in FIG. 3B, a polymer wall 300 in the
LCD device according to the second embodiment of the
present invention comprises a second wall pattern 320 which
corresponds to the light transparent part 1164 included in the
third light-shielding pattern 116.

FIG. 4A is a plane view illustrating an upper substrate of an
LCD device according to the third embodiment of the present
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invention. FIG. 4B is a plane view illustrating a polymer wall
in the LCD device according to the third embodiment of the
present invention.

According to the third embodiment of the present inven-
tion, as shown in FIG. 4A, a light-shielding layer 110 is
formed on an upper substrate 100, and a color filter layer 120
is formed between each of the light-shielding layers 110.

The light-shielding layer 110 may include a first light-
shielding pattern 112, a second light-shielding pattern 114,
and a third light-shielding pattern 116.

The second light-shielding pattern 114 is provided with a
light transparent part 114a, and the third light-shielding pat-
tern 116 is not provided with a light transparent part. Thus,
when the upper surface of the upper substrate 100 is irradiated
with UV light, UV light penetrates through the light transpar-
ent part 114q included in the second light-shielding pattern
114.

Eventually, as shown in FIG. 4B, a polymer wall 300 in the
LCD device according to the third embodiment of the present
invention comprises a first wall pattern 310 which corre-
sponds to the light transparent part 114a included in the
second light-shielding pattern 114.

FIG.5A is aplane view illustrating an upper substrate of an
LCD device according to the fourth embodiment of the
present invention. FIG. 5B is a plane view illustrating a poly-
mer wall in the LCD device according to the fourth embodi-
ment of the present invention.

According to the fourth embodiment of the present inven-
tion, as shown in FIG. 5A, a light-shielding layer 110 is
formed on an upper substrate 100, and a color filter layer 120
is formed between each of the light-shielding layers 110.

The light-shielding layer 110 may include a first light-
shielding pattern 112, a second light-shielding pattern 114,
and a third light-shielding pattern 116.

The second light-shielding pattern 114 is provided with a
light transparent part 114a, and the third light-shielding pat-
tern 116 is not provided with a light transparent part.

The light transparent part 114a is not formed in a crossing
region of the second light-shielding pattern 114 and third
light-shielding pattern 116. Thus, the light transparent part
114a is formed in a discontinuous straight line that has mul-
tiple segments. That is, according to the aforementioned third
embodiment of the present invention, the light transparent
part 114a is formed in a cross region of the second light-
shielding pattern 114 and third light-shielding pattern 116,
whereby the light transparent part 114a is formed in a con-
tinuous straight line that is continuous across different pixel
columns. However, in case of the fourth embodiment of the
present invention, the light transparent part 114a is not
formed in the crossing region of the second light-shielding
pattern 114 and third light-shielding pattern 116, whereby the
light transparent part 114a is formed in the discontinuous
straight line that is discontinuous across different pixel col-
umns.

Eventually, as shown in FIG. 5B, a polymer wall 300 in the
LCD device according to the fourth embodiment of the
present invention comprises a first wall pattern 310 of a dis-
continuous straight line which corresponds to the light trans-
parent part 114q included in the second light-shielding pat-
tern 114. The discontinuous straight line includes several
segments that are discontinuous across different pixel col-
umns.

In the above second embodiment of FIG. 3 A, although not
shown, the light transparent part 116a may not be formed in a
crossing region of the second light-shielding pattern 114 and
third light-shielding pattern 116, that is, the light transparent
part 1164 may be formed in a discontinuous straight line that
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is discontinuous across different pixel rows, whereby the
second wall pattern 320 may be a discontinuous straight line
that is discontinuous across different pixel rows.

FIG. 6A is a plane view illustrating an upper substrate 100
of an LCD device according to the fifth embodiment of the
present invention, FIG. 6B is a plane view illustrating a lower
substrate 200 of the LCD device according to the fifth
embodiment of the present invention, FIG. 6C is a plane view
illustrating a polymer wall 300 in the LCD device according
to the fifth embodiment of the present invention, and FIG. 6D
is a cross sectional view of the LCD device according to the
fifth embodiment of the present invention, wherein FIG. 6D is
a cross sectional view along [-1 of FIGS. 6 A and 6B. The fifth
embodiment is similar to the first embodiment of FIG.
2A-2D, but the light-shielding layer 110 now has a different
appearance. For the following description, a detailed expla-
nation for structures that have already been described for the
first embodiment will be omitted.

As shown in FIG. 6A, a light-shielding layer 110 and a
color filter layer 120 are formed on an upper substrate 100 of
an LCD device according to the fifth embodiment of the
present invention.

The light-shielding layer 110 is not formed in the center of
the upper substrate 100 on which an image is displayed. That
is, the light-shielding layer 110 may comprise a first light-
shielding pattern 112 which is formed in the circumference of
the upper substrate 100.

The color filter layer 120 is formed to correspond with a
plurality of pixels. The color filter layer 120 is not formed in
a boundary region between each of the pixels, and more
particularly, in a region corresponding to a gate line 210 and
data line 220 on a lower substrate 200. That is, the color filter
layer 120 includes a light transparent part 120a which is
formed in a region corresponding to the gate line 210 and data
line 220. Thus, when the upper surface of the upper substrate
100 is irradiated with UV light, UV light easily penetrates
through the light transparent part 120a of the color filter layer
120. As a result, a polymer wall 300 may be formed in a
pattern corresponding to the pattern of the light transparent
part 120a.

As shown in FIG. 6B, the gate lines 210 and data lines 220
crossing each other are formed on the lower substrate 200 of
the LCD device according to the fifth embodiment of the
present invention, wherein the gate lines 210 are arranged in
a first direction, and the data lines 220 are arranged in a
second direction. At a crossing region of the gate lines 210
and data lines 220, there are thin film transistors T. The thin
film transistors T are electrically connected to their respective
pixel electrodes 230.

As shown in FIG. 6C, the polymer wall 300 in the LCD
device according to the fifth embodiment of the present inven-
tion may include a first wall pattern 310, and a second wall
pattern 320.

The polymer wall 300 is formed in a pattern which corre-
sponds to the light transparent part 120a. That is, the first wall
pattern 310 is arranged in the first direction, that is, the direc-
tion which is the same direction as that of the light transparent
part 120a corresponding to the gate line 210, and the second
wall pattern 320 is arranged in the second direction, that is,
the direction which is the same as that of the light transparent
part 120a corresponding to the data line 220.

Hereinafter, a cross sectional structure of the LCD device
according to the fifth embodiment of the present invention
and a method of manufacturing the same will be described
with reference to FIG. 6D.



US 9,170,445 B2

11

As shown in FIG. 6D, the color filter layer 120 including
the light transparent part 1204 therein is formed on the upper
substrate 100, and an overcoat layer 130 is formed on the
color filter layer 120.

A gate insulating film 215 is formed on the lower substrate
200, and the data line 220 is formed on the gate insulating film
215. Also, a passivation film 225 is formed on the data line
220, and a pixel electrode 230 is formed on the passivation
film 225.

The polymer wall 300 for maintaining the cell gap is
formed between the upper substrate 100 and lower substrate
200, and liquid crystal 400 is provided between each of the
polymer walls 300.

The polymer wall 300 may overlap with the light transpar-
ent part 120q included in the color filter layer 120 on the upper
substrate 100. Also, the polymer wall 300 may overlap with
the data line 220 on the lower substrate 200.

Hereinafter, a method of manufacturing the LCD device
according to the fifth embodiment of the present invention
will be described in detail as follows.

First, the aforementioned upper substrate 100 and lower
substrate 200 are prepared.

While a mixture of UV-curable compound and liquid crys-
tal 400 is provided to a space between the upper substrate 100
and lower substrate 200, the upper substrate 100 and lower
substrate 200 are bonded to each other. The mixture may
include additional photo-initiator.

Then, the UV-curable compound is cured by irradiating
UV light onto the upper surface of the upper substrate 100.
That is, when UV light is irradiated onto the upper surface of
the upper substrate 100, UV light is incident on the UV-
curable compound through the light transparent part 120a
included in the color filter layer 120. Thus, the UV-curable
compound is cured with a phase separation from the liquid
crystal 400, whereby the polymer wall 300 is formed, and the
liquid crystal 400 is formed between each of the polymer
walls 300.

Sixth, seventh, eighth and ninth embodiments of a LCD
device will now be described herein by referenceto FIGS. 7A,
7B, 8A, 8B, 9A, 9B, 10A and 10B. The sixth, seventh, eight,
and ninth embodiments are similar to the fifth embodiment of
FIG. 6A through 6D, except that the color filter layer 120,
light-shielding layer 110 and polymer wall 300 now have a
different pattern than that of the fifth embodiment.

FIG. 7A is a plane view illustrating an upper substrate 100
of'an LCD device according to the sixth embodiment of the
present invention, and FIG. 7B is a plane view illustrating a
polymer wall 300 in the LCD device according to the sixth
embodiment of the present invention.

According to the sixth embodiment of the present inven-
tion, as shown in FIG. 7A, a light-shielding layer 110 includ-
ing a first light-shielding pattern 112 is formed in the circum-
ference of an upper substrate 100, and a color filter layer 120
is formed in the center of the upper substrate 100.

The color filter layer 120 includes a light transparent part
120a therein. In this case, the light transparent part 120a is not
formed in a region corresponding to a gate line 210 of a lower
substrate 200, and the light transparent part 120a is formed in
a region corresponding to a data line 220.

That is, the color filter layer 120 is not formed in a bound-
ary region between each of the pixels in a row of pixels
arranged along a horizontal direction. However, the color
filter layer 120 is formed in a boundary region (B) between
each of the pixels in a column of pixels arranged along a
vertical direction.

Thus, when the upper surface of the upper substrate 100 is
irradiated with UV light, UV light easily penetrates through
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the light transparent part 120a which is formed in the region
corresponding to the data line 220.

As aresult, as shown in FIG. 7B, a polymer wall 300 in the
LCD device according to the sixth embodiment of the present
invention may include a second wall pattern 320 correspond-
ing to the light transparent part 120¢ included in the afore-
mentioned color filter layer 120.

FIG. 8A is a plane view illustrating an upper substrate 100
of'an LCD device according to the seventh embodiment of the
present invention, and FIG. 8B is a plane view illustrating a
polymer wall 300 in the LCD device according to the seventh
embodiment of the present invention.

According to the seventh embodiment of the present inven-
tion, as shown in FIG. 8A, a light-shielding layer 110 includ-
ing a first light-shielding pattern 112 is formed in the circum-
ference of an upper substrate 100, and a color filter layer 120
is formed in the center of the upper substrate 100.

The color filter layer 120 includes a light transparent part
120a therein. In this case, the light transparent part 120a is
formed in a region corresponding to a gate line 210 of a lower
substrate 200, and the light transparent part 120a is not
formed in a region corresponding to a data line 220.

That is, the color filter layer 120 is formed in a boundary
region (B) between each of the pixels in a row of pixels
arranged along a horizontal direction. However, the color
filter layer 120 is not formed in a boundary region between
each of the pixels in a column of pixels arranged along a
vertical direction.

Thus, when the upper surface of the upper substrate 100 is
irradiated with UV light, UV light easily penetrates through
the light transparent part 120a which is formed in the region
corresponding to the gate line 210.

As aresult, as shown in FIG. 8B, a polymer wall 300 in the
LCD device according to the seventh embodiment of the
present invention may include a first wall pattern 310 corre-
sponding to the light transparent part 120q included in the
aforementioned color filter layer 120.

FIG. 9A is a plane view illustrating an upper substrate of an
LCD device according to the eighth embodiment of the
present invention, and FIG. 8B is a plane view illustrating a
polymer wall in the LCD device according to the eighth
embodiment of the present invention.

According to the eighth embodiment of the present inven-
tion, as shown in FIG. 9A, a light-shielding layer 110 and a
color filter layer 120 are formed on an upper substrate 100.

The light-shielding layer 110 may include a first light-
shielding pattern 112 formed in the circumference of the
upper substrate 100, and a second light-shielding pattern 114
formed in the center of the upper substrate 100.

The color filter layer 120 includes a light transparent part
120a therein. In this case, the light transparent part 120a is
formed in a region corresponding to a data line 220 of a lower
substrate 200, that is, a region where the second light-shield-
ing pattern 114 is not formed.

Thus, when the upper surface of the upper substrate 100 is
irradiated with UV light, UV light easily penetrates through
the light transparent part 120a which is formed in the region
corresponding to the data line 220.

As aresult, as shown in FIG. 9B, a polymer wall 300 in the
LCD device according to the eighth embodiment of the
present invention may include a second wall pattern 320
corresponding to the light transparent part 120q included in
the aforementioned color filter layer 120.

Although not shown in FIG. 9A, the light-shielding layer
110 may include a third light-shielding pattern 116 arranged
in a second (vertical) direction, instead of the second light-
shielding pattern 114 arranged in a first (horizontal) direction.
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In this case, a finally-obtained polymer wall 300 may include
a first wall pattern arranged in the first (horizontal) direction.

FIG. 10A is a plane view illustrating an upper substrate of
an LCD device according to the ninth embodiment of the
present invention, and FIG. 10B is a plane view illustrating a
polymer wall in the LCD device according to the ninth
embodiment of the present invention.

According to the ninth embodiment of the present inven-
tion, as shown in FIG. 10A, a light-shielding layer 110 and a
color filter layer 120 are formed on an upper substrate 100.

The light-shielding layer 110 may include a first light-
shielding pattern 112 formed in the circumference of the
upper substrate 100, and a second light-shielding pattern 114
formed in the center of the upper substrate 100.

In the aforementioned eighth embodiment of the present
invention, the second light-shielding pattern 114 is formed in
a discontinuous straight line that is discontinuous across pixel
columns, and thus the light transparent part 120« included in
the color filter layer 120 is formed in a continuous straight line
that is continuous across pixel rows. Thus, the polymer wall
300 includes the second wall pattern 320 which is formed in
a continuous straight line.

On the contrary, according to the ninth embodiment of the
present invention, the second light-shielding pattern 114 is
formed in a continuous straight line that is continuous across
pixel columns, and thus a light transparent part 120a is
formed in a discontinuous straight line that is discontinuous
across difference pixel rows. As a result, as shown in FIG.
10B, a polymer wall 300 includes a second wall pattern 320
which is formed in a discontinuous straight line that includes
several segments and is also discontinuous across different
pixel rows.

Although not shown in FIG. 10A, the light-shielding layer
110 may include a third light-shielding pattern 116 arranged
in a second (vertical) direction, instead of the second light-
shielding pattern 114 arranged in a first (horizontal) direction.
In this case, a finally-obtained polymer wall may include a
first wall pattern arranged in the first (vertical) direction.

According to embodiments of the present invention, since
the polymer wall 300 may overlap with the gate line 210 or
data line 220, light transmittance of the LCD device is not
lowered by the polymer wall 300. Also, the UV irradiation
may be applied to the upper surface of the upper substrate
100, whereby it may be applied to the manufacturing process
of the various structures of the LCD device.

It will be apparent to those skilled in the art that various
modifications and variations can be made to embodiments of
the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A flexible liquid crystal display (LLCD) device compris-
ing:

a first flexible substrate;

a layer disposed on the first flexible substrate;

a second flexible substrate;

first pixel control lines disposed on the second flexible

substrate, the first pixel control lines being at least one of
data lines or gate lines; and

polymer walls disposed between the first flexible substrate

and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flex-
ible substrate, wherein the polymer walls are substan-
tially aligned with and overlap with the first pixel control
lines and light transparent gaps in the layer disposed on
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the first flexible substrate, both the polymer walls and
the light transparent gaps in the layer being discontinu-
ous across at least one of pixel columns or pixel rows.

2. The LCD device of claim 1, wherein the layer disposed
on the first flexible substrate is a color filter layer and the light
transparent gaps are gaps in the color filter layer.

3. The LCD device of claim 1, wherein the layer disposed
on the first flexible substrate is a light shielding layer and the
light transparent gaps are gaps in the light shielding layer.

4. The LCD device of claim 1, wherein the first pixel
control lines are gate lines and the polymer walls are substan-
tially aligned with the gate lines.

5. The LCD device of claim 1, wherein the first pixel
control lines are data lines and the polymer walls are substan-
tially aligned with the data lines.

6. The LCD device of claim 1, wherein the light transparent
gaps are transparent to ultraviolet (UV) light.

7. A flexible liquid crystal display (LCD) device compris-
ing:

a first flexible substrate;

a layer disposed on the first flexible substrate;

a second flexible substrate;

first pixel control lines disposed on the second flexible

substrate; and

polymer walls disposed between the first flexible substrate

and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flex-
ible substrate, wherein the polymer walls are substan-
tially aligned with the first pixel control lines and light
transparent gaps in the layer disposed on the first flexible
substrate, both the polymer walls and the light transpar-
ent gaps shaped as straight lines that are discontinuous
across at least one of pixel columns or pixel rows.

8. The LCD device of claim 1, further comprising:

a liquid crystal material located between the polymer

walls.

9. A flexible liquid crystal display (LCD) device compris-
ing:

a first flexible substrate;

a layer disposed on the first flexible substrate;

a second flexible substrate;

first pixel control lines disposed on the second flexible

substrate;

polymer walls disposed between the first flexible substrate

and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flex-
ible substrate, wherein the polymer walls are substan-
tially aligned with the first pixel control lines and light
transparent gaps in the layer disposed on the first flexible
substrate; and

a column spacer disposed between the first flexible sub-

strate and second flexible substrate and overlapping with
a light transparent gap of the light transparent gaps, a
width of the column spacer being smaller than a width of
the light transparent gap and the column spacer being
surrounded by a polymer wall of the polymer walls.

10. A method of manufacturing a flexible liquid crystal
display (LCD) device, comprising:

preparing a first flexible substrate, wherein a layer is dis-

posed on the first flexible substrate;

preparing a second flexible substrate, wherein first pixel

control lines are disposed on the second flexible sub-
strate;

providing a mixture of a light-curable compound and liq-

uid crystal between the first flexible substrate and the
second flexible substrate;
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providing a mask having a mask pattern that matches light
transparent gaps in the layer disposed on the first flexible
substrate; and

forming polymer walls between the first flexible substrate

and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flex-
ible substrate, the polymer walls being substantially
aligned with the first pixel control lines and the light
transparent gaps in the layer disposed on the first flexible
substrate, the polymer walls formed by exposing the
mixture to light via the mask pattern of the mask and the
light transparent gaps in the layer disposed on the first
flexible substrate.

11. The method of claim 10, wherein forming the polymer
walls comprises:

forming the polymer walls by exposing the mixture to

ultraviolet (UV) light via the light transparent gaps in the
layer disposed on the first flexible substrate.

12. The method of claim 10, wherein second pixel control
lines that cross the first pixel control lines are disposed on the
second flexible substrate, and where the polymer walls are
formed to be substantially aligned with the second pixel con-
trol lines.
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13. A method of manufacturing a flexible liquid crystal
display (LCD) device, comprising:

preparing a first flexible substrate, wherein a layer is dis-

posed on the first flexible substrate and a column spacer
is disposed on the first flexible substrate that overlaps
with a light transparent gap of light transparent gaps in
the layer, a width of the column spacer being smaller
than a width of the light transparent gap; and

preparing a second flexible substrate, wherein first pixel

control lines are disposed on the second flexible sub-
strate; and

forming polymer walls between the first flexible substrate

and the second flexible substrate that maintain a cell gap
between the first flexible substrate and the second flex-
ible substrate, the polymer walls being substantially
aligned with the first pixel control lines and the light
transparent gaps in the layer disposed on the first flexible
substrate, the column spacer being surrounded by a
polymer wall of the polymer walls.
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